Mauna Loa volcano, which was not erupting during the time period 1988 -1998. However, our analyses relocated many clusters of earthquakes parallel to the southeast coast of Hawaii at depths of 25 to 50 km ( fig. S1 ), indicating the existence of several tectonic fault zones in the mantle throughout this region. Earthquakes at these fault zones, which occur seaward of Kilauea and Mauna Loa volcanoes, may similarly be caused by broader melt movements and the effects of volcano loading and flexure.
However, as expected, given the larger errors in hand-picked arrival times, the patterns are not as sharply defined as when using arrival time differences from cross correlation. 22. Seismic swarms are episodes when the rates of earthquakes are highly increased without the presence of a large magnitude mainshock. Although the time interval and spatial region we examined did not display swarms, occasional earthquake swarms at depths of 45 to 65 km were observed from the early 1950s until the fall of 1960 (26 It is generally accepted that the oceans played a major role in controlling changes in the CO 2 content of the atmosphere over glacialinterglacial time scales (1) . Although there is uncertainty regarding the exact processes (2), they must have involved changes in the areas of the surface oceans that are supersaturated or undersaturated with CO 2 with respect to the atmosphere and/or changes in the magnitude of the difference between the partial pressure of CO 2 (PCO 2 ) of surface waters and the atmosphere. Hence, an important constraint on the mechanism of glacial-interglacial changes in atmospheric CO 2 would be provided by comparing the PCO 2 of surface waters of the glacial ocean with those during deglaciation and today. Oceanographic studies have resulted in maps delineating the PCO 2 in surface waters of the modern ocean (3), and we show here that boron isotope (␦ 11 B) analyses of planktonic foraminifera offer the opportunity to provide similar information about the past.
Experimental studies have shown that the planktonic foraminifer Globigerinoides sacculifer faithfully records the ␦ 11 B of dissolved B(OH) 4 -in the seawater from which the foraminifer grew its shell (4) , and that this is directly related to the pH of the seawater. By using the pH of the seawater and either the alkalinity or the dissolved inorganic carbon concentrations, the PCO 2 of the waters can be calculated (5) .
The equatorial Pacific is the site of the greatest evasion of CO 2 (0.8 to 1.0 Pg C year Ϫ1 ) from the modern oceans (3), and may thus have played a role in glacial-interglacial changes in atmospheric PCO 2 . In this study, we determined the ␦ 11 B of 31 handpicked samples of ϳ50 G. sacculifer (500 to 600 m) from box core ERDC-92 that was raised from the western equatorial Pacific (2°13.5ЈS, 156°59.9ЈE; 1598 m) (6) . The samples range from 0.4 to 23.2 thousand years ago (ka) (7, 8) and cover the period from the last glacial maximum to almost the present day. ␦ 11 B values were determined at Southampton using analytical techniques that are described in (9) and the data are listed in Table 1 . Carbon and oxygen isotopes were measured at Cardiff using standard techniques. Because boron isotope fractionation and the dissociation of boric acid and carbonate species are temperature dependent, the Mg/Ca ratios of the selected samples were measured and the temperatures were calculated using the Mg/Ca-temperature relationship of Dekens et al. (10) (and by interpolating for intervening samples). Figure 1 illustrates the variations in ␦ 11 B (Fig. 1A) , calculated pH (Fig. 1B) , and surface water PCO 2 values (Fig. 1C) . Also included are atmospheric PCO 2 levels (from the Taylor Dome ice core record (11, 12) (Fig. 1C ) and the difference (⌬PCO 2 ) between the calculated surface water and atmospheric PCO 2 values (Fig. 1D ). These plots show that for most of the period covered by this core, the surface water PCO 2 levels were in approximate equilibrium with the atmospheric CO 2 (within analytical and calculation errors). However, the interval of ϳ13.8 to 18 ka is marked by surface water PCO 2 values that are substantially higher than those in the contemporaneous atmosphere; the period from 13.8 to 15.7 ka had ⌬PCO 2 values of ϳ90 parts per million by volume ( ppmv). The uncertainties in ⌬PCO 2 values induced by analytical errors in ␦ 11 B values and reasonable uncertainties in other contributing variables (salinity, temperature, and alkalinity) are about Ϯ35 ppmv during this interval. Hence, the only other factor that might lead us to question the validity of this signal is the possibility that the ␦ 11 B measured in the foraminifera have been affected by postdepositional alteration.
Box core ERDC-92 was collected from a depth of 1598 m (6). This is well above the calcite lysocline for the past 25,000 years (13) and well above the depth where other foraminiferal palaeoceanographic tracers are affected by partial dissolution (14) .
In the modern western equatorial Pacific, the strongly stratified water column inhibits upwelling of cold nutrient-rich water into the euphotic zone, leading to the formation of a well-mixed warm pool with low levels of biological productivity and surface water PCO 2 levels that are in equilibrium with atmospheric CO 2 . To the east, upwelling brings nutrient-and CO 2 -rich waters to the surface. The low iron concentration of these waters means that the nutrients are not fully used [i.e., this is a high nutrient-low chlorophyll (HNLC) area], and as a result, this area of the ocean is the atmosphere's largest natural source of CO 2 (3) .
The longitudinal divide between the warm pool (from which ERDC-92 was recovered) and HNLC areas moves to the east during El Niño events, such that the extent and intensity of the HNLC is reduced and the thermocline shallows in the western equatorial Pacific. Thermocline shallowing can lead to decreases in sea surface temperature (SST) and increases in ⌬PCO 2 (as a result of local wind stress variations) in the vicinity of ERDC-92, but these increases (less than ϩ40 ppmv) (15) are smaller than those illustrated in Fig. 1 . In general, surface water ⌬PCO 2 values vary from close to zero in "normal" years to ϳ15 ppmv during El Niño periods at the site of ERDC-92 (16) . In contrast, during La Niña periods the warm pool retreats to the west and the area of high PCO 2 surface waters expands (17) , such that ⌬PCO 2 reaches about ϩ80 ppmv at the site of ERDC-92 (16), although SST does not substantially change (18) . Hence, we hypothesize that the ⌬PCO 2 record in Fig. 1 would be most easily explained if there had been more frequent and/ or more intense La Niña conditions between 13.8 and 15.7 ka.
The link between upwelling and productivity in the Pacific equatorial upwelling zone (11, 12) . (D) Calculated ⌬PCO 2 values between surface water and atmospheric PCO 2 . All carbonate ion calculations were performed according to the numerical routines described by Zeebe and Wolf-Gladrow (5). To calculate PCO 2 , it is necessary to assume a value for alkalinity or dissolved inorganic carbon. World Ocean Circulation Experiment data (29) indicate that the modern surface water alkalinity at this site is ϳ2275 eq kg Ϫ1 over the depth range appropriate to G. sacculifer calcification (10) . There is no clear consensus on the history of alkalinity in the oceans over the past 25,000 years, so we have simply varied alkalinity as a function of salinity as deduced from the sea level curve over this time interval (30) . An uncertainty of Ϯ50 eq kg Ϫ1 in alkalinity yields an average uncertainty of Ϯ5.5 ppmv in the calculated PCO 2 . Similarly, uncertainties in the temperature estimates of Ϯ1.4°C (10) and Ϯ1.1 salinity units yield average uncertainties of Ϯ3.5 ppmv and Ϯ2.8 ppmv in the calculated PCO 2 values. In comparison, the average uncertainty in the PCO 2 value that results from the measured ␦ 11 B (2 errors are generally less than Ϯ0.3 per mil) is Ϯ24.1 ppmv.
is complicated by the fact that this is an HNLC zone in which upwelled nutrients are not fully used. Nevertheless, in the western equatorial Pacific there is an approximate doubling of primary productivity during La Niña events relative to El Niño and normal periods (19) . Although marine sedimentary records of productivity are complicated by issues such as preservation, sediment focusing, winnowing, and boundary effects (20) , it is noteworthy that a study of variations of estimated primary productivity (ePP) in a core from 1°25ЈS, 146°14ЈE showed a peak in ePP, centered at ϳ14.5 ka (21), which is similar to the timing of the peak in ⌬PCO 2 that is identified in this study.
This conclusion is supported by several other studies in the Indo-Pacific region that have also suggested that interstadials are characterized by La Niña conditions (22) (23) (24) . For example, increased wind-driven upwelling along the Oman margin and productivity in the Cariaco Basin have both been linked with La Niña-type conditions (22) . Hence, there are peaks in productivity in the Arabian Sea (ϳ12.5 to 15.5 ka) (25) and Cariaco Basin (ϳ13.1 to 16 ka) (26) that are both centered around the 14.6 ka Bølling warming observed in the Greenland Ice Core Project 2 record (27) and are coincident with the period of high ⌬PCO 2 observed in this study.
Finally, the period of high ⌬PCO 2 observed here is approximately coincident with the deglaciation carbon isotope minimum event (that reached its greatest intensity at 15.9 Ϯ 0.2 ka) (28) and is also apparent in our data. Spero and Lea (28) ascribed this observation to increased upwelling of CO 2 -rich sub-Antarctic Mode Water as a consequence of the reestablishment of circumpolar deep water that itself resulted from meltback of Antarctic sea ice. Our data suggest that a substantial portion of this upwelling occurred in the equatorial Pacific.
It is increasingly clear that the tropical oceans had a key part to play in the transition from glacial to interglacial climate (23) (24) (25) (26) . Data from our study suggest that there was an increase in the intensity of upwelling of CO 2 -rich water in the eastern equatorial Pacific at a time that is coincident with the steepest rise in atmospheric CO 2 levels (11, 12) during the last deglaciation. Understanding the extent to which such upwelling and degassing from the equatorial Pacific contributed to the rise in atmospheric CO 2 during this time requires the generation of other, similar records from other parts of the ocean relevant to the physical controls of ocean-atmosphere CO 2 exchange [such as temperature and wind stress (3)]. Nevertheless, our study shows that ␦ 11 B studies of planktonic foraminifera are a powerful tool with which to investigate Pleistocene variations in ocean-atmosphere CO 2 exchange.
Role of Polo-like Kinase CDC5 in Programming Meiosis I Chromosome Segregation
Brian H. Lee and Angelika Amon* Meiosis is a specialized cell division in which two chromosome segregation phases follow a single DNA replication phase. The budding yeast Polo-like kinase Cdc5 was found to be instrumental in establishing the meiosis I chromosome segregation program. Cdc5 was required to phosphorylate and remove meiotic cohesin from chromosomes. Furthermore, in the absence of CDC5 kinetochores were bioriented during meiosis I, and Mam1, a protein essential for coorientation, failed to associate with kinetochores. Thus, sister-kinetochore coorientation and chromosome segregation during meiosis I are coupled through their dependence on CDC5.
Sexually reproducing diploid organisms rely on a specialized cell cycle, meiosis, for gamete formation. During meiosis, DNA replication is followed by two rounds of chromosome segregation, in which homologs segregate during the first and sister chromatids split in the second. For this unusual chromosome segregation program to occur accurately, several meiosis-specific events must take place (1-3) . First, reciprocal recombination between homologs generates linkages called chiasmata, which ensure that homologs are accurately aligned on the metaphase I spindle. Second, sister kinetochores face the same spindle pole (coorientation) to facilitate sister-chromatid cosegregation during anaphase I. Before the second meiotic division, coorientation is lost, and sister kinetochores attach to microtubules from opposite spindle poles (biorientation), which then separate sister chromatids during anaphase II (4). Lastly, cohesin complexes that hold sister chromatids together are lost in a stepwise manner. Loss of arm cohesion allows for the resolution of chiasmata and segregation of homologs during meiosis I. Retention of centromeric cohesion ensures that sister chromatids properly align on the meiosis II spindle (5) . Sister chromatids separate at the onset of anaphase II when centromeric cohesion is lost (4) .
To gain insight into how the meiotic segregation pattern is established, we examined the role of Polo kinase (Cdc5 in budding 
